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HE  S  T  fi  I  C  TED 


INTRODUCTION 


The  information  presented,  herein  has  "been  obtained,  by  a  review  of 
the  literature  and  by  personal  observation  of  casualties  treated  in  the 
E.E.IT.T,  Clinic,  Station  Hospital,  Edgewood  Arsenal,  Maryland,  over  a  period 
of  two  years,  and  of  experimental  and  accidental  training  casualties  in 
E.T.O.  during  the  past  year. 

A  paper  on  the  casualties  treated  at  Edgewood  Arsenal  during  the  seven¬ 
teen  months  preceding  March  1,  1S43,  will  appear  in  an  early  issue  of  the 
Archives  of  Ophthalmology.  During  this  period  1,097  patients,  of  which  870 
had.  eye  lesions,  were  treated.  The  following  gases  were  responsible  for  the 
eye  casualties;  musterd  790,  tear  gas  30,  vomiting  gas  (DM)  24,  lewisite  8, 
phosgene  7,  white  phosphorus  5,  chlorpicrin  3,  di phenyl chi orar sine  1,  chlorine 
1  and  sulfur  trioxide-chlorsulfuric  acid  1. 

TEAR  gas 


DEFINITION 

A  tear  gas,  or  lacrimator,  (l)  is  a  chemical  agent  which  causes  a 
copious  flow  of  tears  and  intense,  though  temporary,  eye  pain. 

PHYSIOLOGICAL,  eeeect 

A  droplet  of  liquid  broraobenzyl cyanide  placed  in  the  eye  of  a 
rabbit  produces  corneal  edema  and  ulceration  with  fluorescein  staining 
extending  even  to  Descemet’s  membrane.  Usually,  however,  the  eye  recovers 
in  about  72  hours.  Particles  of  solid  chloroacetophenone  entering  the  eye 
produce  effects  similar  to  those  from  droplets  of  bromobenzylcyanide.  In 
September,  1943.  while  riding  a  bike  across  a  firing  range  in  E.T.O. ,  a,  man 
was  struck  in  both  eyes  with  bromobenzylcyanide  dispersed  as  a  spray  from  a 
plane  50  to  75  feet  overhead.  Although  he  saw  the  spray  leave  the  plane, 
the  attack  was  so  sudden  that  he  was  unable  to  shield  himself.  He  felt 
drops  enter  both  eyes  and  had  instant  severe  pain  with  blepharospasm, 
lacrimation  and  photophobia  -  to  such  an  extent  that  he  fell  off  his  bi^e. 
During  the  next  45  minutes  the  lid-spasm  was  so  severe  that  it  was  practic¬ 
ally  iraoossible  to  irrigate  his  eyes.  Three  hours  later,  however,  his 
subjective  symptomatology  subsided  so  that  he  was  able  to  carry  on  with  his 
usual  duties. 

His  eyes  were  examined  by  slit-lamp  an  hour  after  contamination 
and  the  following  findings  were  observed;  moderate  edema  and  injection  of 
the  conjunctivas,  bedewing  (edema)  of  the  corneal  epithelial  cells  with 
superficial  punctate  staining  in  the  lower  two-thirds  of  the  corneas.  Both 
eyes  appeared  normal  two  days  later. 
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During  the .  last  war,"  Gremaux  (2)  examined  tear  gas  cases  and  found 
a  fine  exfoliation  of  the  corneal  epithelium..  It  is  interesting  to  note 
that  many  of' the  cases  during  the  last  war  were  hospitalized  for  as  long. as 
two  v/eeks,  and  the  soldiers  complained  of  photophobia  and  la.crima.ticn  for 
throe  to  four  weeks.  Unless  there  is  secondary  infection,  fa.cts  now 
indicate  that,  even  in  the  most  severe  instances,  these  patients  need  not 
he  hospitalized  longer  than  3  or  4-  days.  - 

PROTECT  I  Oil . 

Gas  masks  afford  complete  protection.  In  an  average  field 
concentration,  lacrimation  logins  to  decline  as  soon  as  the  mask  is  put  on, 
"but  if  droplets  splash  on  the  face  and  the  mask  is  put  on,  the  concentration 
within  the  facepiece  "builds  wo  and  incapacity  results.  Eye  shields  (3) 
eliminate  the  risk  of  droplets'  entering  the  eye  "but  are  of  little  value 
against  vapor. 

FIRST  aid  diim  LATER  TREATMENT  ' 

It  is  apparent  from  the  preceding  case  history  that  lacrimatcrs 
do  not  ordinarily  have  any  serious  effect  upon  an  eye.  Although  irrigation 

is  recommended,  it.  appears  to  have  little  value:  in  the  presence  of  the 
severe  lid-spasm,  the  prefuse  tearing  which  results  is  probably  as  adequate 
as  any  irrigation  from  a  canteen.  Soldiers  should  "bo  warned  not  to  nib 
their  eyes. 

Instil  one  disc  of  f l\ioresC‘-in  in  the  lower  con.lunctival 
cul-de-sac.  Throe  minutes  later,  irrigate  the  con.lunctival  sac  with  normal 
saline,  or -with  water  from  the  canteen,  to  remove  the  excess  fluorescein. 

Then  examine  the  corneal  surface  carefully  "by  means  of  fecal  illumination. 

If  there  is  any  green  punctate  or  hand  staining  of  the  cornea,  instil 
one  disc  of  hpmatropine  hydrobroinide  every  15  minutes  until  dilatation 
of  the  pupil  results.  Do  net  use  more  than  4  discs  of  hpmatropine.  (in 
the  case  of  negroes,  atropine  must  he  used  to  obtain  dilatation''.  Then 
evacuate  the  casualty.  In  the  great  majority  of  tear  gas  injuries,  however, 
as  already  pointed  out,  the  cprneal  damage  will  be  temporary ' and  so  mild 
that  it  can  only  be  detected  by  slit-lamp,  so  most  of  the  casualties  will  not 
be  evacuated. 

VOMITING  Gas 


DEFINITION 

A  vomiting  gas,  or  irritant  smoke,  sternutator,  or  sneezing  gas, 
is  a  chemical  agent  which  can  be  disseminated  as  extremely  small  solid  or 
liquid  particles  in  air,  and  when  sc  disseminated  cause  lacrimation,  sneezing, 
coughing,  nausea  and  vomiting. 
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PHYSIOLOGICAL  EFFECT 

A  white  man  aged.  43,  while  working  on  a  ventilating  system  at 
Edgewood,  was  suddenly  exposed  to  a  heavy  concentration  of  DM  particles. 

His  immediate  symptoms  were  severe  sneezing,  coughing,  tearing  and  turning 
of  "both  eyes.  An  upper  respiratory  turning  sensation  extended  to  the  carina 
(bifurcation  of  the  trachea).  Nausea  with  vomiting,  did  not  appear  until 
about  half-an-hour  after  exposure.  kith  the, vomiting,  he  developed  a 
severe  frontal  headache  which  persisted  for  the  next  eight  days.  Epistaxis 
occurred.  Both  eyes  appeared  normal  with  6X  loupe  examination  except  for 
slight  conjunctival  congestion  and  edema.-  Although,  the  conjunctival  changes 
cleared  up  in  six  days,  the  upper  respiratory  inflammation  with  severe 
hoarseness  lingered  for  two  weeks. 

PROTECT I OH 

It  is  important  to  remember  that  in  slightly  exposed  soldiers 
symptoms  may  not  occur  until  after  the  gas  mask  has  been  worn  for  some  time; 
and  in  severely  exposed  individuals  with  a  delayed  onset  of  nausea  and 
vomiting,  e.g.  one-half  hour  after  exposure  as  in  the  preceding  case  history, 
the  individual  may  be  tempted  to  remove  his  mask  prematurely. 

FIRST  AID  AMD  LATER  THEMIBNT, 

There  were  unquestionably  many  more  workers  at  Edgewood  who  had 
symptoms  from  the  sternutator  group  but  ordinarily  all  symptoms  disappear  after 
a  few  hours  without  treatment. 

Later  treatment  is  the  same  as  that  for  tear  gas. 

CHOKING  GAS 

DEFINITION 

A  choking  gas,  or  lung  irritant,  is  a  chemical  agent  which,  when 
breathed,  causes  irritation  and  inflammation  of  the  interior  cavity  of  the 
bronchial  tubes  and  of  the  lung. 

PHYSIOLOGICAL.  EFFECT 

On  November  8,  1942,  a  female  negro,  aet.  19,  at  Edgewood  was 
splashed  in  her  left  eye  with  phosgene,  when  a  new  worker  became  excited 
and  dropped  a.  tube  of  liquid  phosgene  on  the  table  in  front  of  the  patient. 
Although  the  cornea  did  not  stain  with  alkaline  fluorescein,  there  was 
marked  edema  and  hyperemia  of  the  lids  and  conjunctiva;  with  complaints  of 
lacrimation,  photophobia  and  blepharospasm.  The  eye  recovered  in  72  hours 
without  an y  specific  treatment. 

In  a  sub-lethal  concentration,  phosgene  causes  lacrimation  and 
coughing.  Although  the  author  has  been  unable  to  find  a.  specific  case 
report  (4)  and  has  never  observed  it  in  animals,  it  is  stated  frequently 
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in  the  literature  that  phosgene  poisoning  can  cause  retinal  hemorrhage.  It 
is  postulated  tha.t  the  lung  irritation  results  in  a  heavy  loss  of  blood 
plasma  into  the  alveoli  causing  heino  concent  rat-ion  and  anoxemia  with  damage 
to  the  endothelium  of  the  blood  vessels*  Thrombi  form  in  the  cerebral  and 
retinal  vessels  resulting  in  hemorrhages. 

Chlorine,  the  first  gas  used  in  war,  is  a  very  powerful  irritant 
and  can  cause  slight  corneal  damage. 

In  a  lesser  concentration,  chloropicrin  is  a  strong  lacriraator, 
though  less  effective  than  the  true  lacrimators,  and  the  flow  of  tears  is 
the  first  symptom  noted*  It  wan  the  only  symptom  in  the  patients  treated 
in  the  E.E.N, T.  clinic  at  Edgewood  Arsenal.  When  splashed  upon  the  cornea, 
liquid  chloropicrin  can  cause  ulceration  and  subsequent  loss  of  vision. 

first  aid  aid  later  treatment  . 

Immediate  irrigation  with  water  from  a  canteen  is  as  effective 
as  any  other  treatment  against  liquid  contamination. 

Later  treatment  is  the  same  as  that  for  tear  gas. 

SCREENING  SMOKES  ' 

DEFINITION 

A  screening  smoke  is  a  cloud  of  minute  particles  of  solid  or 
liquid,  or  both,  suspended  in  a  gaseous  medium,  usually  the  air. 

PHYSIOLOGICAL  EFFECT 


Five  patients  with  severe  white  phosphorus  skin  burns,  treated 
in  the  hospital  at  Sdgewood  Arsenal*  developed  severe  conjunctivitis;  this 
was  probably  due  to  the  two  to  five  per  cent  copper  sulphate  solution  used  in 
treatment  of  the  contiguous  skin  lesions.  For  this  reason,  it  is  preferable 
to  use  a  one  per-  cent  copper  solution  in  burns  of  the  lids  and  adjacent 
skin.  It  is  unlikely  that  very  small  particles  of  phosphorus  struck  the 
conjunctiva  alone  without  some  corneal  damage.  The  burns  were  not  due  to 
smoke  from  the  phosphorus  since  phosphorus  smoke  (phosphorus  penfcoxide)  is 
harmless,  although  it  sometimes  causes  severe  coughing.  Lyle  and  Gross  (5) 
stated  recently  that  in  a  search  of  the  ophthalmic  literature  they  were 
unable  to  find  any  record  of  phosphorus  injuries  of  the  eyes.  They  reported 
one  case  of  a  sclero-keratitis  following  a  phosphorus  injury  22  years  before 
in  a  soldier  who  had  scleritis  with  corneal  scars  deep  in  the  substantia 
propria. 
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Phosphorus  is  h^in^  used  extensively  at  the  present  inoi^ept  not 
only  as  incendiaries  hut  also  as  artillery  fire  to  force  the  enemy  out  of 
fox  hoi 63 „  It  nay  well  hapoen  that  we  shall  see  some  severe  eye  burns 
from  this  agent. 

On  November  19,  1943,  a  white  male,  net,  37,  was  treated  for 
sulfur-trioxide  chlorsulfonic  acid  "burns  of  his  left  eye,  left  side  of  his 
face  and  neck  and  left  forearm,  when  a  ’’burster— well11  in  a  leaking  shell 
suddenly  exploded.  He  ran  immediately  under  a  shower  and  his  eye  and  skin 
were  thoroughly  washed.  The  eye  burned  and  lacrimated  but  did  not  particu¬ 
larly  disturb  the  patient  until  about  34  hours  later  at  which  time  the  lids 
were  so  edematous  that  he  was  unable  to  see*  Oth-  r  than  swelling  of  the 

lids  and  conjunctivas  the  eye  appeared  normal.  The  swelling  subsided  in 
4  days  and  the  skin  burns  healed  in  7  day3. 

In  February,  1943,  in  a  Southern  American  Camp,  a  master  sergeant, 
aged  34,  splashed  titanium  tetrachloride  in  his  left  eye,  while  removing  a 
cprk  from  a  bottle.  The  eye  was  irrigated  immediately  and  for  about  five 
minutes  with  two  per  cent  sodium  bicarbonate.  A  medical  officer  gave  him 
an  ointment  of  metaphen  1-3000  with  butyn  3  per  cent  with  instructions  to 
use  it  ad  lib.  Twenty-four  hours  later  while  en  route  to  Edgewood  Arsenal 
by  train,  the  sergeant  observed  that  his  lids  were  severely  swollen  and 
that  he  had  blurred  vision  with  severe  uain  (relieved  by  the  ointment), 
lacrimation,  blepharospasm  and  photophobia.  Examination  three  days  after 
the  pye  -was  contaminated  showed;  severe  inflammation  of  the  lids  and  con¬ 
junctiva,  numerous  conjunctival  and  subconjunctival  hemorrhages,  central 
corneal  ulceration  4  min  in  diameter  which  stained  bright  green  with  fluor¬ 
escein  and  which  extended  into  the  stroma,  haziness  (infiltrates  and  edema) 
of  most  of  the  remaining  corneal  tissue  and  reflex  miosis.  The  aqueous  was 
clear.  The  patient  was  placed  in  a  dark  room;  the  pupil  was  dilated  with 
a  mydriatic  and  alhucid  10  per  cent  was  instilled  every  4  hours.  The  ulcer 
healed  slowly  leaving  a  faint  nebular  scarring  in  the  visual  axis. 

PROTECTION 


The  ordinary  eye-shields  will  give  sufficient  nrotection  against 
all  screening  smokes  except  possibly  white  phosphorus.  The  urotection 
afforded  against  phosphorus  varies  considerably;  when  a  11  mg  piece  of 
phosphorus,  dried  on  blotting  paper,  was  nlaced  on  an  eye-shield  and  ignited 
with  a  hot  wire,  penetration  occurred  in  10  seconds.  On  the  other  hand, 
under  similar  conditions  on  one  occasion,  a  13  mg.  fragment  penetrated  an 
eye-shield  in  3.2  seconds.  Even  though  the  penetration  time  is  rather 
rapid  in  some  instances  and,  moreover,  when  disseminated  from  shells  or 
"bombs,  the  dispersal  force  may  tend  to  decrease  this  penetration  time 
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*e7eri  further,  the  protection  is  probably  sufficient  to  permit  the  lid-reflex 
time  to  protect  the  eye  from  a  destructive  burn. 

EIRST  aID  AND  LATER  TREATMENT . 


The  contaminated  eye  should  be  irrigated  with  water  to  remove  the 
particles  of  liquid  as  quickly  as  possible.  In  the  case  of  white  phosphorus, 
normal  saline,  or  water  from  the  canteen,  should  be  used  to  wash  out  the  eye. 

The  preceding  case  history  is  presented  to  stress  the  fact  that 
although  the  great  majority  of  burns  from  agents  other  than  vesicants  are  not 
usually  serious,  occasionally,  when  an  eye  is  contaminated  at  a  point  of 
dispersal,  the  destruction  may  be  considerable.  ■  This  is  especially  true 
if  precautions  are -net  taken  to  prevent  secondary  infection:  vis. ,  physio¬ 
logical  rest  (dark  room,  homat repine-  hydrobromide  2  per  cent  or  atropine 
sulfate  1  per  cent)  and  local  antiseptics  such  as  albucid  10  per  cent  or 
sulfathi  azole  ointment  5  per  cent.  Any  soldier  with  his  cornea  denuded 

of  epithelium  should  be  evacuated.  It  is  potentially  dangerous  to  give 

such  a  patient  a  local  analgesic,  even  though  containing  an  anti^cptllq- 
for  self-medication  -  the  pain  may  be  relieved  but  the  pathology  may 
progress. 

INCENDIARY  aGEUT  , 

DEFINITION 

An  incendiary  is  a  substance  which  produces  a  heat  burn  when 
brought  in  contact  with  the  body. 


FYSlOLOGIGill  EFFECT  * 

In  February,  1S43,  a  T/4  aet.  .27  was  treated  for  thermite  burns 
cf  both  eyes,  face,  neck' and  both  hands.  He  was  drilling -a  hole  into  an 
experimental  bomb  which  suddenly  ignited.  Fortunately,  he  was  wearing’ 
spectacles.  Examination  showed;  burns  of  the  face,  neck  and  hands;  charred 
cilia;  hyperemia  and  chemesis  of  both-  eyes;  bright  green  fluorescein  stain¬ 
ing  in  the  visual  axis  cf  the  right  cornea' with  either  a  pale  green  staining 
or  haziness  of  the  remaining  corneal  surface  and  superficial  punctate 
staining  of  the  left  cornea.  After  treatment  with,  a  -  mydriatic  end  sterile 
liquid  petrolatum  in  a  dark  room  for  24  hours,  the  corneal  surface,  no 
longer  stained  and  presumably  the  epithelium  recovered  or  regenerated. 

PROTECTION 


The  gas  mask  furnishes  the  best  protection.  <The  anti-gas  eye- 
shields  give  considerable  orotection,  as  -shown  in  the  discussion  on  white 
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phosphorus  "burns  and  "by  the  fact  that  an  eyeshield  resists  the  flame  of 
a  "bunsen  "burner  for  seconds. 

first  aid  and  later  tigati/ent.  -  - 


The  treatment  (6)  and  prognosis  is  that  of  any  heat  "burn  of  the 
same  degree  and  extent.  The  eye  should  "be  gentl;/  irrigated  with  normal 
saline  and  a  mild  ointment  or  oil  instilled.  The  lids  should  "be  closed 
with  a  pad  of  dampened  gauze  over  them  and  a  dry  one  held  with  adhesive, 
if  possible  -  as  the  "best  dressing  for  the  cornea  is  the  lid.  Cocaine  or 
other  local  anesthetic  should  not  "be  used,  as  anesthesia  of  the  cornea  might 
lead  to  damage,  ' 

BLOOD  AND  REEVE  POISONS 

DEFINITION 


Blopd  and  nerve,  or  systemic,  poisons  are  casualty-producing 
agents  which  produce  their  main  injuries  effects  only  after  absorption 
into  the  body  and  cause  little  or  no  local  injury. 

PHYSIOLOGICAL  EFFECT 

; 

Liquid  hydrogen  cyanide  is  rapidly  absorbed  through  the  conjunctiva: 
a  drop  placed  in  the  eye  of  a  rabbit  causes  convulsions  in  43  seconds  and 
death  in  3  minutes.  Some  of  the  cyanogen  halogens,  e.g.  cyanogen  chloride 
(7),  attacks  the  eyes  causing  lacrimation. 


The  specific  action  of  arsine  is  that  of  hemolysis  of  the  red 
corpuscles  of  the  blood.  Casualties  from  this  agent  will  not  usually  be 
seen  by  the  ophthalmic  service. 

Even  in  low  concent  rations ,  hydrogen  sulfide  (8)  exerts  a  severe 
irritant  action  uuon  the  cornea  of  an  eye.  The  surface  epithelium  is  eroded: 
probably  by  sodium  sulfide  which  is  formed  from  hydrogen  sulfide. 

INCIDENTAL  ACtENTS 


DEFINITION 

Incidental  gases  are  those  gases  such  a,s  carbon  monoxide,  nitrous 
fumes,  and  ammonia  which  may  act  indirectly  in  confined  or  poorly  ventilated 
spaces  or  in  the  bombing  of  industrial  installations. 


-7- 


/ 


EES  T  SI  CTED 


physiological  effect 
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In  carbon  monoxide  poisoning,  the  symptoms  orogress  from  headache, 
throbbing  of  the  temples,  vertigo,  yawning,  dyspnoea,  dullness,  and  lack  of 
visual  acuity  to  the  development  of  bright  pink  patches  on  the  skin,  marked 
weakness,  coma  with  subnormal  temperature,  low  tension  pulse  and  death. 


Nitric  fumes  cause  conjunctivitis,  rhinitis  and  pharyngitis 
followed  by  a  latent  period  of  4  to  8  hours  with  no  other  symptoms  until 
the  casualty  becomes  suddenly,  acutely  ill  with  death  in  24  to  48  hours 
from  pulmonary  edema.  If  the  gaseous  concentration  is  high,  there  may  be 
a  yellowish  discoloration  of  the  mucous  membranes. 

Ammonia  vapor  acts  violently  upon  the  eyes  causing  temporary 
blindness.  -  •  ■ 


■  FIRST  AID  ADD  LATER  TREATMENT 


There  are  no  specific  first  aid  measures, 
is  the  same  as  that  for  tear  gas. 


DEE INI T I OP 


BLISTERING  GAS 


The  later  treatment 


A  blistering  gas,  or  vesicant,  is  a  chemical  agent  which  is 
readily  absorbed  by  both  the  exterior  and  interior  parts  of  the  human  body, 
followed  by  the  production  of  local  inflammation,  burns  and  the  destruction 
of  tissue. 


MUSTARD 


INCIDENCE 


The  importance  of  mustard  as  a  casualty-producing  agent  is 
shown  by  the  fact  that  mustard  (9)  accounted  for  70  per  cent  of  all 
British  gas  casualties  in  World  War  I.  The  total  number  of  British  eye 
casualties  is  not  known  but  Thuillier  (10)  (1919)  gave  the  total  number 
of  British  mustard  gas  casualties  as  not  fewer  than  150,000  and  in  the 
British  Official  History  of  the  liar:  Medical  Services  (11)  (1925)  it  is 
stated  that  the  great  majority  of  mustard  casualties  had  eye  burns. 


Of  these  large  number  cf  British  casualties  ( over  150,0 00)  only 
ten  (12)  were  thought  to  have  corneal  ulcers  in  which  the  vision  became 
permanently  impaired  by  residual  opacities.  There  were  four  cases  of 
panophthalmitis  requiring  removal  of  the  eye. 

In  the  American  Expeditionary  Forces  (13)  there  were  27,711 
casualties  from  mustard  gas  with  only  599  deaths.  Of  this  large  number 
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P-f  Casualties,  there  were  only  11  cases  of  "blindness:  two  oases  of  loos  of 
right  eye,  five  with  loss  of  sight  of  right  eye,  two  with  loss  of  sight  of 
left  eye,  one  with  loss  of  sight  of  "both  eyes,  one  with  loss  of  eye,  side 
unknown.  There  were  33  cases  of  blindness  due  to  all  gases  combined,  the 
kind  of  gas  in  22  cases  (soldiers  were  frequently  exposed  to  more  than  one 
gas)  was  not  determined  and  may  have  been  mustard,  (it  is  interesting  to 
note  that  there  were  779  cases  of  blindness  due  to  weapons  other  than-,  gas). 

Gilchrist  in  an  analysis  of  6980  ‘mustard  cases  under  his  care 
during  the  last  war  showed  that  the  parts  of  the  body  affected  most  often 
were;  - 

(1)  The  eyes,  6080  cases  or  86.1  per  cent  and 

(2)  the  respiratory  tract,  5260  cases  br  75.3  per  cent. 

Of  the  1097  patients  treated  at  'Edgewood  Ars thal."" in .•■$h'e  E.E.E.T. 
clinic  during. the  17  months  preceding  March  1,1943,  1016  (92.6  per  cent) 
had  burns  caused  by  vesicant  vapor,  whereas  the  remaining  81  cases  (7.4  per 
cent)  we re  due  to  all  other  gas^s  combined,  also  indicating  to  some  extent 
how  much  more  frequently  vesicant  vapor  produces  eye,  and  upper  respiratory, 
casualties.  Unfortunat ely,  variation  in  production  schedule  and  the  shift 
of  workers  make  it  impossible  to  estimate  with  any  accuracy  the  casualty 
rate  in  the  various  plants.  '  ■  •  - 

Striking,  and  surprising,  wa.s  the  finding  that  of  the  1016  injuries 
due  to  vesicant,  only  8  (0.7  per  cent'  of  all  patients)  v/e re  caused  by 
lewisite  vapor  and  the  remaining  1008  (91. 9  per  cent''  of  all  Patients)  by 
mustard  vapor  alone.  .  There  are  several  factors  responsible,:  (l)  the 
lewisite  plant  is  somewhat  smaller;  (2)  higher  vapor  pressure  of  lewisite 
with  immediate  .sensory  irritation;  and  (3)  the  most  important  of  all,  mustard 
vapor  is  toxic  in  concentrations  that  cannot  be  detected  by  the  sense  of  smell, 
and  even  when  detected,  the  sense  of  smell  soon  becomes  dulled  and  it  is 
erroneously  concluded  that  the  mustard  gas  has  disappeared.  In  other  words, 
the  soldier  or  worker  exposed  to  lewisite  vapor  is  warned  instantly  of  his 
danger  and  either  masks  or  leaves  the  contaminated  area -whereas  on  exposure 
to  mustard  vapor  there  is  frequently  no  such  warning.  Therein  lies , 
physiologically,  the  great  value  of  mustard  as  a  war  gas  and  it  is  believed 
that  the  vast  majority  of  eye  casualties  will  be  caused  by  mustard  vapor. 

Since  the  last  war  the  preceding  statistics  of  both  the  British 
and  Americans  have  proved  to  be  misleading  for  the  following  reasons;  in 
1929,  Foster  Moore  and  Heckford  (14)  described  two  cases  of  so-called 
delayed  mustard  gas  keratitis.  The  marked  features  of  these  cases  were: 

(1)  long  interval  (roughly  ten  years)  between  exposure  to  mustard  and 
..  onset  of  corneal  ulceration, 

(2)  extreme  indolence  of  the  corneal  ulcers, 
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(3)  lesions  situated,  in  the  int erpalpebral  space, 

(4)  deep  penetration  of  the  ulcers  even  to  Descemet’s  membrane, 

\ 

(5)  mild,  symptoms, 
t6).  slow  healing,  and 


(7)  the  swollen,  pearly-white,  or  marble-like  appearance  of  the  conjunctiva 
within  the  palpebral  aperture. 

E.  J.  Phillips  (15)  collected  70  of  these  cases  of  delayed- mustard 
gas  keratitis.  All  of  these  patients  had  been  exposed  to  large  doses  of 
the  gas  and  were  apparently  cured  and  symptont-f rfe  for  a  period  of  six  to 
twenty  years.  • 

Dr.  Ida  Mann  and  others  also  reported  similar  cases  of  delayed  kere-- 
titis.  Since  these  .cases,  were  reported  from-  only . a.  very  f  ew  of  the  large 
teaching  ophthalmic  centers,  it  is ‘likely  that  there  are  many  more  cases 
of  mustard  gas  keratitis,  being  treat ed, :  the • etiology  of  which  is  not  being 
recognised  by  ophthalmologists  in  general; 

DESTRUCTIVE  DOSE  ; 


The  destructive • dose  of  mustard  for  the  human  eye  is  not  known. 

The  destructive  dose  for  a  rabbit’s  eye  varies  -considerably:  0.0004  cc.  of 
liquid  mustard  (4,  16)  has  caused  destruction  but  it  usually  takes  about 
0.0008  cc.  .  .  ...  .  .. 

Whether  the  human  eyes  with  delayed  keratitis  were  originally 
splashed,  with  liquid  mustard  or  exposed  to  mustard- van or  is  not  known.  It 
is  probably  relatively  Unimportant  since,  it  has  .been  shown  that  .concentration  x 
time  is  fairly  constant.  In  other  words,  a  factory  worker  or  a  soldier  exposed 
to  a  low  concentration  of  mustard  vauor  (so  low  the  individual  does  not 
mask)  over  a  long  period  of  time  can  develop  as  severe  a  burn  as  if  his  eye 
was  actually  splashed  .with  liquid  mustard. 

After  testing  the  eyes  of  14  human  volunteers  whose  cutaneous 
resistance  was  high,  Reed  (IT')  found  that  the  eves  are  the  most  sensiti  ve 
structures  to.  exposure  to  mustard  gas  and  that  concentrations  of  1  part  in 
10,000,000  will  produce  visible  reactions  in  less  than  one  hour.  That  the 
eye  is  not  always  the  most  sensitive  structure  is  shown  by  the  fact  that,  at 
Edgewood  Arsenal  there  were  462  patients  with  lesions  of  both  eyes  and  upper 
respiratory  tract,  .628  with  eye  lesions  only  and  218  with  lesions  of  .only  the 
respiratory  tract,  .......  •  • 
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ONSET  OF  SYMPTOMS 

There  is  a  prolonged  interval  between  exposure  to  mustard  and 
the  onset  of  symptoms. 

Of  1008  patients  treated  at  Edgewood  Arsenal,  only  80  knew  when 
they  had  been  exnosed.  These  80  knew  because  of  a  sudden  accident,  such 
as  a  break  in  the  shell-filling  line  releasing  large  volumes  of  mustard 
vapor  which  was  detected  by  the  sense  of  smell.  Of  these  80  patients,  the 
shortest  interval  between  exposure  and  onset  of  symntoms  was  2  hours,  the 
longest,  24  hours,  with  an  average  of  about  8  hours. 

classification  of  eye,  burns  TO  3E  USED  BY  REAR  ECHELONS  (OPHTHALMOLOCtISTS) 

The  British  suggest  the  following  criteria  for  the  classification 
of  mustard  eye  burns  with  the  hope  that  diagnosis  may  be  made  easier  and 
treatment  simplified. 

Croup  I:  Of  a  very  mild  natnre:  The  conjunctiva  is  congested  and 
the  lids  may  be  red,  but  the  cornea  is  clear.  Edema  of  the  lids  and  dis¬ 
charge  may  sometimes  be  observed.  Although  these  appearances  are  due  to 
the  noxious  action  of  the  chemical  substances,  no  permanent  destructive 
change  results. 

Full  duty  should  continue  unless  there  are  associated  skin  burns 
closing  the  eyes  with  edema. 

Croup  II;  Of  a  mild  nature:  Conjunctival  congestion  occurs  together 
with  thrombosis  and  hemorrhages.  There  is  superficial  corneal  haze  resulting 
from  death  of  epithelial  cells,  and  epithelial  edema,  processes  which  may 
effect  individual  cells  here  and  there  or  which  may  be .more  generalised. 

In  the  field  during  the  last  war  edema  of  the  lids  and  discharge  were  common. 
Photophobia  and  blepharospasm  are  usual. 

Only  temporary  incapacity  is  caused;  there  is  discomfort  for  some 
7-14  days  during  which  light  work  can  be  done  and  after  which  there  is  no 
further  trouble.  (An  ultimate  prognosis  cannot  be  made  definitely  in  the 
more  severe  cases  until  the  lapse  of  two  weeks  when  it  may  be  found  that 
50<Z  may  belong  to  Croup  III,  fine  deep  changes  in  the  cornea  having 
developed) . 


Croup  III:  Of  a  severe  na.ture:  Deep  corneal  haze  is  present  in 
addition  to  the  appearances  described  above.  This  group  must  be  subdivided 
since  it  is  not  yet  certain  at  which  period  vascularization  of  the  cornea 
may  develop,  a  factor  on  which  the  occurrence  of  relapses  could  seem  to 
depend.  (it  has  since  been  found  that  corneal  vascularization  starts  about 
40  days  after  contamination). 
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A.  Temporarily  severp;  without  now  vascularization.  Edema  affects 
a  varying  depth  of  the  substantia  propria  giving  rise  to  evident  haziness 
or  to  optical  defects  detectable  by  means  of  the  slit-lamp.  Death  of  cor¬ 
neal  corpuscles  take  place  followed  by  a  cellular  infiltration  into  the 
substance  of  the  cornea.  These  cases  need  not  be  admitted  to  the  hospital 
but  should  be  kept  under  observation  up  to  two  months. 

B.  Relapsing;  with  new  vascularization.  In  certain  cases  a. growth 

of  new  vessels  may  take  place  from  the  limbus  into  the  cornea.  It  is  unknown 
at  what  period  this  occurs  in  man  (now  known  to  occur  on  about  the  40th  day 
after  contamination),  whether  the  vascularization  may  be  transient,  and  how 
far  its  presence  is  associated  with  relapses  (as  in  animals).  Late  optical 
or  fibrous  changes  occur  in  the  substance  of  the  cornea. 

Cases  of  this  type  should  be  admitted  to  hospital  and  will  re¬ 
quire  convalescent  treatment  for  a  considerable  time  (several  months),,  They 
may  be  liable  to  relapse. 

A  differentiation  between  A  and  3  may  be  made  before  the  lapse  of 
six  weeks;  future  knowledge  may  lessen  this  interval. 

Group  IV;  Of  a.  very  severe  nature;  (in  which  delayed  keratitis  may 
occur  after  a  lapse  of  years) .  A  severe  keratitis  and  perhaps  iritis  is 
followed  by  chronic  keratitis,  and  later,  by  the  deposition  of  degenerative 
material  (cholesterin  and  fat)  in  the  corneal  substance. 

These  cases  will  be  incapacitated  and  may  be  in  a  hospital  for  a 
period  of  six  to  nine  months.  They  will  be  ineffective  throughout  the 
emergency  and  may  be  a  future  liability  as  a  result  of  delayed  keratitis. 

Such  cases  occurred  after  the  last  war.  There  are  no  accurate  data 
available  about  what  time  may  elapse  before  they  can  be  differentiated. 

Groups  I  and  II  should  be  termed  Chemical  Ophthalmia  (Mustard 
Gas)  and  Groups  III  and  IV  Keratitis  (Mustard  Gas). 

CLASS  IF I CATION  OR  EYE  BURNS  TO  BE  USED  3Y  THE  FORWARD  ECHELONS  (BATTALION. 

regimental  and  medical  battalion  SURGEONS). 

Although  the  preceding  classification  is  by  far  the  best  to  date 
and  should  be  used  by  Medical  Officers  with  the  proper  clinical  facilities 
(slit-lamp  or  loupe  and  condensing  lens),  it  is  felt  by  the  Medical  Field 
Service  School,  E.T.O.  that  the  following  would  be  of  more  practical  value 
to  Medical  Officers  in  the  forward  echelons.  There  the  problem  is  entirely 
different;  it  is  not  so  much  a  question  of  prognosis  but  simply  as  to 
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whether  a  soldier  is  a  casualty  and  should  "be  evacuated  for  ophthalmic 
examination  and  treatment. 

MI IiT)  CaSEo  :  — 

a.  Symptoms;  Gritty,  foreign-body  sensation;  may  have  very  slight  lacri- 
maticn,  hut  no  true  photophobia. 

b.  Lids;  May  be  slightly  swollen,  usually  not. 

c.  Conjunctival  discharge:  May  have  slight  lacrimation. 

d.  Conjunctiva;  Congestion  of  only  the  conjunctiva  normally  exposed 

between  the  lids. 

e.  Cornea;  Clear,  does  not  stain  with  fluorescein. 

•  I 

f.  Recovery:  Spontaneous  within  five  to  seven  days. 

g.  Treatment;  None  required,  do  not  use  a  mydriatic. 

h.  Luty:  Pull  duty,  do  not  evacuate. 

MODERATE  CASES ; - 

a.  Symptoms:  Gritty  foreign-body  sensation  and  may  have  slight  lacri¬ 

mation,  photophobia  and  blepharospasm. 

b.  Lids:  Slight  to  moderate  swelling,  able  to  open  eyes. 

c3  Conjunctival  discharge:  Slight  to  moderate  lacrimation;  may  have 
slight  muco-purulent  discharge. 

d.  Conjunctiva:  Congestion  of  the  whole  conjunctiva,  even  that  protected 
by  the  lids. 

Clear,  but  may  have  punctate  staining  with  fluorescein. 

Usually  spontaneous  within  seven  to  fourteen  days. 

If  cornea  stains  with  fluorescein,  dilate  pupil  with 
homatropine;  (in  negroes  use  atropine). 

Full  duty  if  tactical  situation  is  bad,  evacuate  later; 
if  tactical  situation  is  good,  evacuate  after  mydriasis 
has  been  obtained. 


e.  Cornea: 

f.  Recovery: 

g.  Treatment: 

h.  Duty: 
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SEVERE  CaSES 

a.  Symptoms:  Severe  gritty  f oreign-body  sensation,  ocular  pain,  lacri- 

mation,  photophobia,  blepharospasm,  blurred  vision  and 
headache. 

b.  Lids:  Severe,  swelling,  unable  to  open  eyes  voluntarily.  Lids 

can  only  be  separated  a  few  mm. 

c.  Conjunctival  discharge:  Severe  lacrimation  with  slight  to  very  severe 

mucd-purul ent  di s  ch  arge . 

d.  Conjunctiva;  Severe  congestion,  thromboses,  hemorrhages,  vessel  varia¬ 

tion  in- calibre  and  necrotic  patches  (stain  yellow  with 
fluorescein) . 

e.  Cornea;  G-ray,  hazy,  irregula'r,  roughened  (korenge  peel11),  band 

stcaining  with  fluorescein.  Hypoesthesia. 

f.  Recovery:  Delayed  at  least  many  weeks;  may  be  subject  to  relapses  with 

corneal  vascularization;  requires  ophthalmic  observation 
for  months  and  perhaps  years. 

g.  Treatment:  Atropine  sulfate  1^,  albuoid  10 4  or  sulfathi azole  ointment 

5$.  Evacuate. 

Some  justification  for  the  preceding  classification  is  also  shown 
by  the  fact  that  during  the  last  \far  Whiting  (18),  who  was  in  charge  of  the 
Ophthalmic  Ward  of  the  83rd  General  Hospital,  Boulogne,  where  over  a  third 
of  all  gas  cases  were  treated,  divided  his  patients  into  three  classes.*  (l) 
slight  cases  with  little  or  no  corneal  involvement  -  about  75^,  (2)  moder¬ 
ately  affected  eyes  with  slightly  roughened  cornea  but  not  staining  with 
fluorescein  -  about  15  per  cent,  and  (3)  severe  cases  with  the  cornea, 
definitely  staining  and  corresponding  conjunctival  involvement  -  about  10 
per  cent.  Foster  (19)  found  that  the  first  class  were  fit  for  duty  in  one 
to  four  weeks,  the  second  class  in  four  to  six  weeks,  while  the  third  class, 
which  was  evacuated  to  England,  required  variable  long  periods  for  healing. 

Although  the  duration  of  symptoms  in  the  first  two  classes  of 
Whiting' s  classification  is  prolonged  compared  with  that  in  the  first  two 
groups  of  the  Medical  Field  Service  School  Classification,  the  difference 
can  probably  be  attributed  to  the  fact  that  a- soldi er  who  knows  that  he  is 
going  to  return  to  the  front  is  frequently  reluctant  to  pa.rt  with  his  symp¬ 
toms,  whereas  a  factory-worker  or  a.  soldier  acting  as  a.  volunteer  experimental 
subject  are  usually  only  too  glad  to  return  to  the  factory  (greater  pay 
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incentive)  or  to  the  unit  (friends,  more  comfortable  surroundings). 
DIFFEKSIITlAL-DUGiTOSIS  CE  CASUALTY  AITD  HON- CASUALTY  SOLDIERS 


The  following  findings  are  those  observed  on  six  eyes  splashed 
with  liquid  mustard,  and  insufficiently  irrigated  with  normal  saline,  dhd 
six  eyes  exposed  to  mustard  vacor  during  a  recent  training  accident.  The 
splashed  eyes  were  casualties;  the  vapor- exposed  eyes  were  non-casualties. 

Done  of  the  casualties  had  any  pain  whatsoever  when  their  eyes 
were  splashed,  confirming  the  experience  of  the  last  war.  The  mustard 
droplets  felt  like  "watery"  painless  fluid.  All  the  patients  with  splashed 
eyes  complained  of  a  severe  gritty  foreign-body  sensation- and  of  severe 
lacrimation,  photophobia,  blepharospasm  and  blurred  vision,  three  to  twenty- 
four  hours  after  exposure.  Two  of  these  patients  complained  of  headache; 
there  were  no  signs  of  iritis. 

One  of  the  patients  with  vapor-burnt  eyes  complained  of  a  gritty 
foreign-body  sensation  and  two  complained  of  gritty  foreign-body  sensation 
and  lacrimation  about  s^ven  hours  after  exposure.  One  patient  complained 
of  mild  photophobia.  Three  patients,  although  asymptomatic,  had  signs 
of  a  vapor  burn. 

The  lids  of  the  eyes  contaminated  with  liquid  mustard  were  so 
severely  swollen  (even  as  early  as  four  hours  after  exposure)  that  the 
casualties  were  unable  to  ouen  their  eyes  for  days.  Each  ho.d  severe 
blepharospasm.  Whereas,  the  lids  of  the  eyes  exposed  to  vacor  only  were 
never  more  than  moderately  swollen  and  without  blepharospasm.  It  is 
believed,  therefore,  that  severe  swelling  of  the  lids  (except  for  that  due 
solely  to  external  lid  burns)  should  be  considered  a  sufficient  criterion 
for  evacuation. 


Muco-purulent  con, -June t ivitis  due  to  secondary  infection  developed 
in  four  of  six  eyes  splashed  with  mustard,  being  very  severe  in  one  instance. 
This  is  in  marked  contrast  to  findings  in  vapor- ex cosed  but  non-casualty  cases 

The  conjunctival  changes  observed  in  the  splashed  eyes  were: 
severe  congestion,  thromboses  of  vessels,  hemorrhages,  necrotic  patches 
with  budding  new  vessels  and  marbling.  Similar,  but  much  lesser,  changes 
were  found  in  the  limbus. 

Four  of  six  vaper-expesed  eyes  showed  conjunctival  congestion. 

The  other  two  eyes  had  epi  bhelia.l  flecks.  It  is  felt,  therefore,  that 
epithelial  flecks  have  about  the  same  diagnostic  and  prognostic  signific¬ 
ance  as  conjunctival  congestion.  Except  for  congestion  and  epithelial 
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flecks,  the  vapor-burnt  eyes  appeared  normal.  (Corneal  euithelial  flecks 
are  seen  by  slit-lamp  retro-illumination  and  are  probably  edema,  of 
individual  epithelial  ceils.  It  is  believed  by  some  observers  that  these 
flecks  are  pathognomonic  of- mustard  vapor  exposure.) 

Eour  of  six  splashed  eyes  showed  band- staining,  punctate  staining, 
bedewing  and  epithelial  flecks  of  the  corneas.  The  other  two  eyes  would 
probably  have  shown  the  same  findings  but  the  patients  were  too  ill  for 
slit-lamp  examination.  Five  of  these  eyes  had  hazy,  gray  (opague),  irreg¬ 
ular,  faceted  corneal  surfaces  (” orange— peel”  or  peau  df  orange) , 

Five  of  six  vaoor- exposed  eyes  showed  epithelial  flecks  (one 
patient  was  too  ill  with  skin  burns  for  si it -lamp  examination).  There  was 
uunctate  staining  of  the  epithelial  cells  in  two  cases  and  epithelial  bedew¬ 
ing  in  another.  ,  - 

Five  of  six  splashed  eyes  had  edema  of  the  anterior  part  of  the 
substantia  propria  (two  patients  were  too  ill  for  slit-lamp  examination, 
but  one  eye  was  examined  histologically).  Other  stromal  changes  in  this 
group  were:  complete  edema,  cellular  inf iltra.tion,  stratification  and 
fibrous  scarring.  On^  of  these  cases  had  definite  corneal  vascularization 
on  the  40th  day. 

Only  one  eye  showed  edema  of  the  endothelium;  the  endothelial 
cells  stained  with  fluorescein;  the  aqueous  appeared  normal. 

DELAYED  EFFECTS  (SEE  INCIDENCE) 

From  her  work  on  rabbits  Dr.  Ida  Mann  (20,  21N  believes  that  the 
picture  of  an  eye  which  deteriorates  into  delayed  keratitis  is  as  follows: 

”At  its  edge  (corneal  scar)  and  in  its  base  are  cholesterin  crystals.  It 
is  vascularized  by  peculiarly  contorted  and  variscose  vessels  which  enter 
through  the  normal  limbus  above  and  below  the  worse  scars.  Thsre  may  be 
narrow  constrictions,  blood  islands,  intracorneal  hemorrhages  and  thromboses. 
The  scar  shows,  in  addition  to  the  cholesterin,  white  flocculent  masses  of 
fatty  degeneration,  patches  of  fibrillar  silky  texture  and  black  and  gray 
lines  of  a  peculiar  distribution.”  There  may  be  a  quiescent  asymptomatic 
interval  of  six  to  sixteen  years  and  then  the  cornea  will  suddenly  ulcerate. 

Bickertcn  (22)  in  1943  described  some  cases  of  recurrent  chronic 
conjunctivitis  which  he  attributed  to  mustard  gas  lesions  of  the  last  war. 
Also,  he  described  a  case  in  which  there  was  marked  retinal'  degeneration 
and  pigmentation  with  a  fairly  normal  cornea  and  conjunctiva.  It  is  unlikely 
that  these  lesions  wer^  due  to  mustard  vapor;  other  observers  have  been 
unable  to  find  any  definite  fundal  changes. 
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Zettl  (33)  in  1940  described  a  case  of  recurrent  chronic  conjunc¬ 
tivitis  occurring  in  a  combatant  injured  in  the  last  war  and  who  had 
originally  severe  corneal  ulceration. 

Beauvieux,  quoted  by  Hughes  (34)  examined  the  fundi  in  130  cases 
of  generalized  mustard  gas  lesions  and  noted  venous  dilatation  in  34  per 
cent  and  hyperemia  of  the  optic  disc  in  33  per  cent.  These  changes  have 
not  been  seen  by  other  observers. 

War thin  et  al  described  a  Xanthoma-like  pigmentation  which 
develops  ne.-ar  the  outer  and  inner  solero-cornen.l  junction. 

It  was  observed  in  some  of  the  negroes  treated  at  Edgewood  Arsenal 
that  brown  pigmentation  o^  the  conjunctiva  extended  into  the  superficial 
cornea,  probably  as  the  result  of  corneal  damage  from  mustard  vapor.  It 
is  a  common  observation  in  studying  mustard-burnt  rabbits'  eyes  that  the 
denuded  cornea  heals  by  the  healthy  pigmented  conjunctiva  at  the  limbus 
migrating  over  the  cornea  carrying  pigment  with  it.  In  rabbits  the 
pigment  later  disappears. 

STRICT  I  ORaI  sequelae 

In  the  last  war  there  was  a  high  incidence  of  functional  sequelae 
including  photophobia  and  blepharospasm.  Prolonged  use  of  eye  shades  or 
glasses  tended  to  perpetrate  functional  photophobia,  functional  blepharo¬ 
spasm  and  even  hysterical  amblyopia. 

During  a  recent  training  accident  in  which  seme  officers*  eyes 
were  splashed  with  mustard,  the  men  became  so  excited  that  a  medical  officer 
had  great  difficulty  in  irrigating  their  eyes.  One  officer  was  so  agitated 
for  weeks  thereafter  that  it  was  necessary  to  keep  him  in  a  private  room  so  as 
not  to  disturb  the  other  patients. 

When  there  is  moderate  swelling  of  the  eyelids,  the  patient 
frequently  believes  that  his  condition  is  far  worse  than  it  actually  is. 

He  sits  with  his  eyes  closed  and  complains  of  inability  to  open  them.  After 
some  persuasion  and  gentle  elevation  of  the  lids,  he  is  surprised  to  find 
that  not  only  c an  ho  open  his  eyes  but  that  he  can  sec  as  well  as  before 
the  accident.  This  experience  happened  to  a  very  intelligent  officer  in  ETO. 

PROTECTION 


Gas  masks  give  complete  protection  to  the  eyes  and  lungs . 

lyeshields  protect  the  eyes  against  drops,  but  cannot  be  relied  upon 
to  give  protection  against  vapor. 
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TREATMENT 


I .  IMMEDIATE  field  treatment 

The  following  recommendations  for  the  treatment  of  mustard  in¬ 
juries  of  the  eye  were  made  by  the  American  National  Research  Council: 

" A .  V a~PQ r  Burns : 


1.  The  use  of  the  gas  mask  is  the  best  protection  against 
mustard  vapor  burns. 

2.  Immediate  lavage  is  not  indicated,  and  should  not  be 
attempted  for  the  following  reasons: 

a)  Only  a  small  percentage  of  vapor  burns  produce 
any  serious  damage  to  the  eyes. 

b)  Experimental  evidence  indicates  that  immediate 
lavage  of  the  eyes  is  without  therapeutic  value 
in  vapor  burns. 

c^  Any  attempt  to  irrigate  the  eyes  of  a  gassed 
soldier  in  the  presence  of  vauor  necessitates 
the  removal  of  the  gas  mask  with  the  resultant 
likelihood  of  further  ocular  and  pulmonary  damage. 

3.  Direct  Liquid  or  Droplet  Burns: 

1.  Eye  shields  should  be  worn  as  -protection  against  droplet 
injury. 

2.  Copious  lavage  with  any  available  non-irritating  fluid, 
including  urine,  is  recommended  if  such  can  be  accomplished 
within  the  first  three  minutes  after  the  splash  injury. 

The  following  -points  must  be  emphasized: 

a)  Lavage,  to  be  effective,  must  be  copious <.  Small 
volumes  of  fluid  tend  to  spread  not  to  remove  the 
damaging  agent . 

b'/  Late  irrigation  is  useless  in  the  protection  of  the 
eyes,  but  up  to  15  minutes  after  injury  may  be 
efficacious  in  removal  of  liquid  mustard  from  lids 
and  surrounding  skin. 
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c)  'The  difference  in  efficacy  "between  different 

irrigating  fluids  is  snail,  the  difference  "between 
immediate  and. delayed  irrigation  is  large,  therefore 
that  fluid  should  he  used  which  is  most  immediately 
available.  Water  is  among  the  most  satisfactory 
fluids  (canteen) . 

C.  Specif i c  mh era.py ; 

Ho  recommendation  can  he  made  at  present  for  any  specific  or 
decontaminant  therapy  in  the  eves. 

1 I .  J-AT3R  TRSaTKEITT 

A.  Routine  lavage; 

Late  lavage  as  a  routine  is  prohibited,  hut  occasional  lavage  is 
permissible  when  required  to  remove  foreign  material,  discharge 
and  mucus.  Experimental  evidence  indicates  that  routine  lavage 
after  injury  is  not  only  without  any  therapeutic  value,  hut 
interferes  with  healing  if  repeated  frequently, 

3.  Use  of  Atropine  Sul fat a; 

Instill  V'  solution  of  atropine  sulfate  in  eyes  at  Gas 
Cleansing  or  First  Aid  Station  in  all  cases  of  either 
vapor  or  direct  liquid  injuries  of  the  eyes  with  mustard. 
(The  author  does  not  agree  with  this:  if  this  is  done, 
we  may  have  a  large  number  of  atropine  mydriatic  casualties. 
See  Gas  Casualty  Chest,  use  of  supplies). 

Further  use  of  atropine,  (or  other  cycloplegics) . at  the  Base 
Hospital  should  he  done  only  under  medical  direction  -  if, 
for  example,  there  should  develop  a  late  iritis,  corneal 
ulceration,  or  recurrent  corneal  erosion. 

Local  Anesthetics : 

1.  Local  anesthetics  may  he  used  in  both  vapor  and  splash 

injuries  of  the  eyes  with  mustard  for  the  purpose  of  control 
ling  pain. 

P.  The  anesthetics  recommended  in  the  order  of  preference  are: 


(a)  0.5^  pontocaine 

(h)  1^  but yn” 
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"3.  Such  local  anesthetics  should  he  used  as  little  as  possible 
and,  at  most,  no  more  frequently  than  4  times  a  day,  and  no 
longer  than  necessary.  Frequent  use  of  local  anesthetics, 
especially  cocaine,  tends  to  loosen  the  corneal  epithelium 
and  delay  the  healing  of  eroded  areas. 

I> ,  Shielding  the  Eyes  : 

1.  Eyes  injured  either  by  vapor  or  direct  liquid  should  not  he 
bandaged  or  covered  in  any  manner  at  the  First  Aid  Post  or 
Cas  Cleansing  Station.  On  the  contrary,  should  there  be 
sufficient  edema  of  the  lids  present  to  prevent  the  gassed 
man  from  opening  his  own  eyes,  the  attendant  should  gently 
open  the  lids  for  a  moment  to  assure  the  patient  he  is  not 
blind. 

2.  Bandaging  at  a  later  date  should  V  done  only  for  specific 
medical  cause,  such  as  corneal  ulcers,  corneal  erosion,  etc. 
as  when  the  splinting  action  of  the  lids  i;s  required.  If 
bandaged,  the  eyes  should  be  dressed  and  cleansed  once  a  day. 

3.  Dark  glasses  should  not  be  used  unless  photophobia  due  to 
corneal  involvement  or  iritis  be  present.” 

USE  OF  OINTMENTS  CONTaIITIITCt  SUI-Fa-DRTJGS 

* 

An  ointment  such  as  siilf athiazole  5  per  cent  or  a  solution  such 
as  alhucid  3  to  10  per  cent  are  recommended  for  use  if  there  are  any  signs 
of  secondary  infection.  Alhucid  is  sodium  sul.phacetai.iide  ( sodium- p-ami no- 
henze.ne-sulfonyl-acetylimide  or  sodium  sulamyd) .  Best  results  are  obtained 
with  a  10  per  cent  solution  instilled  every  4  hours. 


USE  OF  HYPERTONIC  SOLUTIONS 


Bonnefon  advocated  the  use  of  hypertonic  solutions  on  the  grounds 
that  a  freer  flow  of  lymph,  is  produced  in  the  conjunctiva.  Such  treatment 
is  not  recommended. 

TREATMENT  OF  DELAYED  MUSTARD  C-AS  KERATITIS 


Phillips,  who  has  treated  many  of  these  cases,  stated  that  the 
patients  who  did  best  were  those  that  had  tarsorrhaphy  up.  t  o  the  time  of 
fitting  of  a  contact  glass.  Those  treated  by  mydriatics,  combined  with 
lub  r  i  cation,  pad  and.  b  an  da.  ge  ( r  enemb  e  r  th  es  e  nr  e  In  t  e  cases)  al  s.o  ga.v  e  good 
visual  results.  Those  treated  by  lubrication  alone  did  not  do  so  well  as 
they  appeared  to  have  deeper  infiltration  than  those  treated  by  mydriatics. 
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Cases  shoving  the  poorest  response  to  treatment  were  those  treated,  with  strong 
antiseptics  such  as  silver  nitrate,  oxycyanide  lotion  and  cocaine  ointment. 

I’ortunat ely,  these  patients  tolerate  a  contact  lens  exceptionally 
well  ( h yp o e s th e s i a  of  the  cornea),  resulting  in  improved  visual  acuity  and 
giving  protection  bo  the  cornea  against  external  trauma. 


NITROGEN  MUSTARD 

HISTORY 

New  war  gases  (27,  28)  known  as  nitrogen  mustards  may  he  encoun¬ 
tered  in  the  event  of  gas  warfare.  There  are  several  nitrogen  mustards. 

PHYSIOLOGICAL  SEEECT 

The  clinical  course  after  exposure  to  nitrogen  mustard  is  similar 
to  that  after  exposure  to  mustard  vapor,  the  difference  (in  a  rabbit1 3  eye) 
being  as  follows: 

During  the  exposure  lacrimation,  congestion  and  edema  aupear  more 
rapidly  in  the  nitrogen  mustard  eye. 

At  24  hours  there  is  less  conjunctival  swelling  and  less  corneal 
staining  in  the  mustard  eye  but  in  both  eyes  there  is  severe  swelling  of 
the  conjunctiva  and  lids,  marked  edema  of  the  superficial  cornea  and  stain¬ 
ing  over  more  than  half  the  corneal  area. 

At  2  days  there  is  an  extension  of  the  ed.eraa  into  the  deeper 
layers  of  the  cornea  and  an  increase  in  severity  of  the  conjunctivitis  of 
both  eyes,  but  to  a  lesser  degree  in  the  mustard,  eye. 

At  3  days  pigment  on  the  corneal  surface  of  both  eyes  denotes 
early  epithelization. 

At  8  days  in  the  nitrogen  mustard  eye,  thera  are  conjunctival 
hemorrhages,  tortuous  and  injected  conjunctival  vessels,  necrotic  corneal 
ulcers  extending  into  the  substantia  propria,  edema  of  all  corneal  layers, 
deep  as  well  as  superficial  cornaal  vascularization  and  an  indistinct  iris. 
In  the  mustard  eye,  there  is  more  swelling  of  the  conjunctiva,  more  dis¬ 
charge  but  less  edema,  of  the  cornea.  Moreover,  there  is  only  superficial 
corneal  vascularization. 

At  10  d.ays  a  large  surface  hemorrhage  appears  on  the  iris  of  the 
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nitrogen  mustard,  eye.  The  iris  does  not  respond  at  all,  or  only 
very  sluggishly,  to  light  stimulation.  In  the  mustard  eye,  some  of  the 
iris  vessels  are  dilated  hut  there  are  no  exudates,  no  hemorrhages  and 
the  iris  responds  veil  to  light. 

At  16  days  in  the  nitrogen  mustard  eye,  the  patchy  necrotic 
corneal  ulcers  are  becoming  confluent  and  the  vascularization  is  increasing. 
The  iris  is  being  depigment ed.  There  are  petechial  as  well  as  large  sur¬ 
face  hemorrhages  in  the  iris.  There  may  be  an  iris  bombfe,  whereas,  in  the 
mustard  eye  the  lid  lesions  are  more  severe  with  puckering  and  ectropion, 
the  conjunctiva  is  more  swollen,  the  corneal  vascularization  is  still  super¬ 
ficial  and  the  iris  appears  normal. 


At  20  days  in  the  nitrogen  mustard  eye,  there  is  only  slight 
puckering  of  the  lid  margins  and  very  little  conjunctival  discharge. 
Vascularization  and  edema  of  the  cornea  are  severe  and  the  corneal  ulcers 
stain.  There  are  fresh  iris  hemorrhages  and  in  the  old  hemorrhages  scarring 
is  beginning  with  retraction  and  notching  of  the  pupil  edge.  While  in  the 
mustard  eye,  the  lid  lesions  are  more  severe  and  the  conjunctiva  more 
swollen,  there  is  only  superficial  corneal  vascularization,  although 
progressing,  and  a  normal  iris. 

At  2?  days,  in  the  nitrogen  mustard  ?:r?,  -the  lids  and  conjunctiva 
appear  almost  normal  but  there  are  hemorrhages  in  the  heavy  vascularized 
cornea  and  retraction  of  the  iris  to  such  an  extent  that  the  iris  is  drawn 
behind  the  limbus,  resulting  in  a  U-shaped  pupil.  Although  in  the 
mustard  eye  the  lid  and  conjunctival  lesions  are  still  severe  and  the  corneal 
scar  is  large  with  edema,  the  superficial  vascularization  appears  to  be 
subsiding  and  the  iris  is  normal. 

On  August  11th,  1943.  the  left  eye  of  a  volunteer  soldier,  aged  22, 
was  exposed  to  a  vapor  concentration,  estimated  to  be  sub-casualty,  of  one 
of  the  lesser  effective  nitrogen  mustards,  in  order  to  compare  its  casualty- 
producing  potencies  with  that  of  mustard. 

The  soldier  was  awakened  11  hours  after  exposure With  a  ''gritty*1 
sensation,  lacrimal ion,  photophobia,  blepharospasm  and  subjective  blurred 
vision.,  There  was  no  objective  change  in  his  visual  acuity,  however. 
Slit-lamp  examination  showed  innumerable  flecks  of  the  corneal  surface  and 
punctate  staining  with  fluorescein.  He  was  unable  to  carry  on  with  his 
usual  duties. 


Examination  two  days  after  exposure  showed  all  his  previous 
symptoms  and,  in  addition,  a  severe  dull  aching  pain  in  and  behind  the 
left  eyeball.  There  were  innumerable  epithelial  flecks,  epithelial 
bedewing  and  spots  of  epithelial  staining.  He  was  still  unable  to  work. 
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Examination  three  to  twenty  days,  inclusive,  after  exposure:  he 
had  all  the  previous  symptoms  and  signs  but  he  wa s  able  to  partly  perform 
his  usual  duties  since  the  blurred  vision  was  intermittent.  The  most 
annoying  symptom  was  a  dull  aching  uain  .in  and  behind  the  left  eyeball. 
Corneal  sensation  appeared  diminished  on  several  occasions.  The  intensity 
of  the  epithelial  staining  varied  from  day  to  day  -  on  the  twelfth  day 
eft er  exposure,  there  were  as  many  areas  of  punctate  staining  as  at  any 
time. 

There  was  a  gradual  improvement  until  the  twenty-fifth  day  at 
which  time  the  eye  appeared  normal. 

PROTECT  I  PIT 

Gas  masks  give  complete  nrot action,  Eyeshields  give  the  same 
protection  as  against  mustard, 

treatment 

The  following  treatment  is  recommended  by  the  American  national 
PLesearch  Council: 

’’The  recommendations  given  for  the  treatment  of  eye  injuries 
with  mustard  are  equally  applicable  to  eye  injuries  with  nitrogen  mustard. 
There  is  no  additional  or  specific  therapy.  In  general  the  symptoms  and 
inflammatory  lesions,  iritis,  etc.  are  more  severe  and  more  intensive  and 
early  cycloplegic  treatment  should  be  instituted.” 


LEWISITE 


HISTORY 


Lewisite  is  an  arsenical  comuound  which  was  developed  towards 
the  end  of  World  War  I  and  never  actually  used  in  combat, 

PKYS 1 010 GI  OaL  EXPECT 

The  site  of  contamination  of  a  rabbits’  cornea  with  a  lewisite 
droplet  becomes  immediately  opaque.  The  lewisite  appears  to  soak  into  the 
cornea  almost  instantaneously.  There  is  obvious  severe  pain:  the  animals 
frequently  squeal.  The  lid-spasm  is  very  severe  for  about  15  to  50  seconds 

The.  pupil  may  constrict  in  about  2  minutes.  The  corneal  euithel 
ium,  which  is  so  hazy  that  it  is  difficult  to  make  out  the  iris,  begins  to 
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loosen  in  about  an  hour  and  a  half.  The  denuded  surface  stains  vrith  fluor¬ 
escein.  The  conjunctiva  is  severely  edematous  with  small  hemorrhages. 

Edema  extends  into  the  substantia  propria.  It  takes  about  7  hours 
before  the  whole  cornea  becomes  edematous.  At  24  hours  there  is  an  iritis 
with  strands  of  exudate  in  the  anterior  chamber.  The  limbus  epithelium 
with  its  pigment  begins  to  slide,  or  cover,-  over  the  denuded  corneal 
surface.  Vessels  begin  tc  invade  the  corrida  from  all  parts  of  the  limbus 
on  the  6th  to  8th  day.  The  eye  usually  perforates  in  2  to  5  weeks. 


Although  the  pure  substance  is  not  lachrymatory,  it  is  very 
irritant  to  the  upper  respiratory  tract  thus  causing  a  reflex  flow  of  tears. 


It  has  been  shown  that  lewisite  vapor, 


not  cause  corneal  damage,  &if. 
lions  are  reached.,  ' 


°ast  iii. some 


surprisingly  enough,  does 
s ,  ant  11  large  concentra- 


PROTECT!  Old 

The  protection  is  the  same  as  for  mustard. 


TREATMENT 

Although  most  liquid  chemicals  can  be  effectively  and  best  removed 
by  immediate  irrigation  with  water,  lewisite  is  an  exception  to  this  rule. 
Apparently,  lev 5  site  enters  into  combination  with  tissue  cells  so  rapidly 
that  it  cannot  be  removed  mechanically  by  immediate  irrigation  but  must  be 
neutralised*  Fortunately,  this  can  be  done  by  an  antidote  developed 
secretly  by  the  British  and  now  used  in  the  U.S}  Forces  under  the  name  DAL 
(British  Anti-Lewisite)  and  formerly  called  Eye  Solution  M-l. 

The  American  Rational  Research  Council  recommended,  in  part,  the 
following  treatment  for  all  arsenical  burns; 

X mm ed iat e  Tre at ra ent j 


1,  3iJj  is  an  effective  specific  therapy  for  all  lewisite  and  arsenical 
gas  burns  of  the  eye.  It  should  be  used  as  follows: 

a)  As  soon  as  possible  after  injury. 

b)  A  short  period  of  disability  and  complete  cure  can  be  anticipated 
if  BAL  is  used  within  two  minutes  after  injury. 

c)  The  period  of  disability  will  be  increased  but  complete  cure  may 
still  result  if  BAL  is  used  within  the  first  five  minutes. 
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d)  The  period  of  disability  end  the  final  damage  increased 

markedly  with  further  delay.  If  administered  30  minutes  after 
injury,  most  injured  eyes  will  eventually  be  sightless.  Ho 
beneficial  effect  of  any  kind  will  be  observed  if  treatment  is 
not  given  within  the  first,  hour." 

Eye  Ointment,  BAL,  has  displaced  Eye  Solution,  BAL.  It  is  much 
more  difficult  for  the  soldier  to  place  the  solution  than  the  ointment 
into  his  eve.  Eye  Ointment,  BAX,  should  be  used  as  follows  by  the  indivi¬ 
dual  soldier  (391) :  for  any  liquid  contamination  in  the  eye  which  is 
immediately  painful,  immediately  squeeze  a  small  amount  of  the  ointment 
on  to  a  finger-tip  and  rub  firmly  between  the  eyelids.  Pull  down  the 
lower  lid  and  insert  the  remaining  ointment.  Close  the  lids  and  rub 
firmly. 

Late  Treatment : 

The  late  treatment  is  the  same  as  that  for  mustard. 

HOW  IS  THE  SOLDIER  GOING  TO  KNOW  WHETHER  TO  IRRI OATS  OR  USE  BAL  OIIITHEITT? 

The  ideal  solution  would  be  to  have  a  single  ointment  effective 
against  both  mustard  and  lewisite.  Unfortunately,  this  is  not  possible  at 
present . 


The  soldier  should  be  instructed  to  irrigate  his  eye  immediately 
after  any  painless,  "watery-like"  splash  of  his  eye.  Immediate  irrigation 
is  by  far  the  most  effective  treatment  against  a  mustard  splash. 

In  any  painful  liquid  contamination  of  his  eye  the  soldier  should 
be  instructed  to  use  BaX  ointment. 

What  about  the  treatment  of  a  50/50  mixture  of  lewisite-mustard, 
which  is  also  painful?  It  has  been  found  experimentally  that  the  best 
results  in  such  contaminations  are  obtained  by  the  instillation  of  BiiX 
Ointment.  The  most  logical  procedure  would  seem  to  indicate  immediate 
irrigation  to  remove  the  mustard,  and  then  to  instil  BAL  to  counteract  the 
lewisite.  However,  numerous  experiments  have  been  carried  out  and  refute 
this  belief:  namely,  irrigation  and  instillation  of  BAL  versus  irrigation, 
instillation  of  BAL,  and  irrigation  versus  instillation  of  BAL.  The  best 
results  are  obtained  by  the  simple  instillation  of  BAL'.  There  are  two 
possible  explanations  of  why  this  result  is  obtained;  (l)  BaL  is  very  irri¬ 
tating  and  produces  severe  tearing  which  may  act  nearly,  but  not  quite,  as 
effectively  as  simple  irrigation  in  the  removal  of  the  mustard,  and  (2) 
0.0002  oc  of  lewisite  destroys  a  rabbit ?s  eye  whereas  it  usually  takes  3  or 
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4  tines  as  ranch  mustard,  to  result  in  similar  destruction,  so  that  in  a 
50/50  mixture,  the  lewisite  is  doing  more  than  its  uronortional  share  of 
damage.  In  other  words,  the  amount  of  mustard  present  in  such  a  mixture- 
droplet  will  usually  not,  by  itself,  produce  any  serious  effect  to  an  eye. 

Moreover  it  has  "been  shown  that  BAL  ointment  alone,  if  used 
within  one  minute,  will  save  a  majority  of  mmstai d-contaninat ed- eyes , 
probably,  again,  as  a  result  of  the  irrigating  effect  of  the  flow  of  t  ears 
caused  by  the  irritant  properties  of  BAL. 

What  about  a  liquid  tear  gas  containin'  tion  of  the  eye  which  is 
painful?  Dr.  Ida  Mann  has  shown  that  BAL  Ointment  does  not  increase  the 
severity  of  sue)'  a  lesion. 

What  about  when  the  soldier  is  in  doubt?  He  should,  instil  Bill' 

Ointment . 

To  reiterate,  the  soldier  should  be  instructed  to  irrigate 
immediately  in  any  painless  "wat er-like,}  splash  of  his  eye  and  to  use  Eye 
Ointment  BjjL  in  any  painful  sulash. 

USE  CE  5UFLI.ES  IE  G-tS  CUSTLJjTY  CHEST 

Special  drugs  and  equipment  for  treatment  of  gas  casualties  have 
been  grouped  for  issue  as  the  Set,  Gas  Casualty  (Med,  Dept.  Item  Ho. 97757), 
(30-34  incl.).  This  set  consists  of  two  cases,  Gas  Casualty  (Med.  Dept. 

Item  lTo.97758),  containing  impermeable  aprons  and  gloves,  and  one  Chest, 

Gas  Casualty  (Med.  Dept.  Item  lJo,  97  759) s  containing  drugs.  The  ophthalmic 
contents  of  the  Gas  Casualty  Chest  with  directions  for  use  are  as  follows: 

Ophthalmic  discs  of  fluorescein  (l/250  grain,  HS3--1),  homatropine 
hydrobromide  (l/350  grain,  Item  ITo.  91100)  and  atropine  sulphate  (l/SOO 
grain  NSB-i)  are  being  placed  in  the  Gas  Casualty  Chest.  In  the  event  of 
gas  warfare,  these  discs  are  to  be  used  as  follows  (35): 

1,  In  case  of  doubtful  corneal  damage  from,  any  chemical  whatsoever, 
instil  one  disc  of  fluorescein  in  the  lower  conjunctival  cul-de-sac.  Three 
minutes  later,  irrigate  the  conjunctival  sac  ‘with  normal  saline,  or  water 
from,  the  canteen  to  remove  the  excess  fluorescein.  Then  examine  the  corneal 
surface  carefully  by  means  of  focal  illumination  (condensing  lens  and  light) 
and  loupe  (magnifying  lensY;  of  course,  in  first:  and  second  echelon  care, 
only  a  flash  light  or  North  light  may  be  available  but  the  examination  must 
be  made  in  a  good  light  (36).  If  there  is  any  green  punctate  or  band 
staining  of  the  cornea,  instil  one  disc  of  homatropine  hydrobromide  every  15 
minutes  until  mydriasis  (dilatation  of  the  pupil).  Do  not  use  more  than  four 
discs  of  homatropine.  Then  evacuate  the  casualty.  (In  the  case  of  negroes, 
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atropine  must  "be  used  to  obtain  dilatation.) 

3,  Holdiers  whose  lids  are  so  swollen  that  they  are  unable  to  open 
them  and  those  lids  can  be  separated . involuntarily  for  only  3  or  3  mm.  and, 
when  so  separated,  complain  of  blurred  vision,  lacrination,  blepharospasm 
and  photophobia,  are  already  severe  casualties.  It  is  not  necessary  to 
insti  1  fluorescein:  the  corneal  surface  usually  appears  roughened  and  hazy. 
Instil  one  disc  of  atropine  sulfate  every  15  minutes  until  dilatation  of 
the  pupil  is  observed.  Do  not  use  more  than  4  discs.  Evacuate  at  once. 

5.  Soldiers  with  hyperemia  of  only  those  conjunctival  vessels 
normally  exposed  between  the  lids  are  not  casualties  and  will  recover 
spontaneously  in  a  week  to  nine  days.  Jjo  not  instil  homatropine  or  atropine, 
the  mydriasis  so  caused  will  make  the  man  less  able  to  care  for  himself. 

This  cannot  be  stressed  too  strongly  because  in  the  case  of  mustard  the  great 
majority  of  burns  may  be  in  this  group. 

The  use  of  th^  following  drugs  has  been  discussed  elsewhere  in 
this  report:  Item  Ho.  IK  24810,  Eye  Solution.  BaL  (or  M-l) ,  h  oz.  and 
Item  Ho.  IK  24808,  Eye  Ointment  BAL  (or  M-l),  Tube  (cf.  Lewisite,  treatment 
of);  Item  ITo.  IK  76525,  Sodium  Sulamyd  (Albucid  Item  Ho.  IK  01085;  cf. 
Mustard,  treatment  of;  Item  Ho.  91090.  Eye  and  Hose  Drops,  1  oz.,  contains 
pontccaine  (cf.  Mustard,  treatment  of,  21  C,  2). 

evaCiutioh  oe  eye  casualties 

Eye  casualties  from  war  gases  are  to  be  evacuated.  (37,  38)  through 
the  usual  channels,  supported,  when  necessary,  by  the  Medical  Gas  Treatment 
Battalion  (59)  . 

Since  eye-shields  cannot  be  depended  upon  to  give  protection 
against  vapor,  the  gas  mask  must  be  worn  by  those  attending  contaminated 
cases.  During  the  last  war  (40),  in  the  forward  aid  stations,  there  were 
many  instances  of  every  member  of  the  staff  in  attendence  on  contaminated 
cases  being  rendered  eye  casualties.  And  even  during  this  war,  after  a 
large  transportation  accident,  ever  a  hundred  vapor  eye  casualties  resulted 
from  being  exposed  to  mustard  contaminated  uatients. 
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